A growing number of studies show strong associations between stress and altered immune function. In vivo studies of chronic and acute stress have demonstrated that cognitive stressors are strongly correlated with high levels of catecholamines (CT) and corticosteroids (CS). Although both CS and CT individually can inhibit the production of T-helper 1 (TH1, type-1 like) cytokines and simultaneously promote the production of T-helper 2 (TH2, type-2 like) cytokines in antigen-specific and mitogen stimulated human leukocyte cultures in vitro, little attention has been focused on the effects of combination CT and CS in immune responses that may be more physiologically relevant. We therefore investigated the combined effects of in vitro CT and CS upon the type-1/type-2 cytokine balance of human peripheral blood mononuclear cells (PBMC) as a model to study the immunomodulatory effects of superimposed acute and chronic stress. Results demonstrated a significant decrease in type-1 cytokine production (IFN-c) and a significant increase in type-2 cytokine production (IL-4, IL-10) in our CS + CT incubated cultures when compared to either CT or CS agents alone. Furthermore, variable enhancement of type-1/type-2 immune deviation occurred depending upon when the CT was added. The data suggest that CS can increase the sensitivity of PBMC to the immunomodulatory effects of CT and establishes an in vitro model to study the combined effects of in vivo type-1/type-2 cytokine alterations observed in acute and chronic stress.
Introduction
A growing body of literature recognizes the dynamic interactions between components of the nervous, endocrine, and immune systems as a cohesive unit responsible for protection of the host (Elenkov and Chrousos, 2002; Chrousos, 1995; Webster et al., 2002; Sanders and Straub, 2002) . In this model, products of the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic nervous system (SNS) shift immunity from an intracellular pathogen-specific (TH1, type-1 like) immune response to an extracellular pathogen-specific (TH2, type-2 like) response during times of high psychological stress (Elenkov and Chrousos, 2002; Sanders and Straub, 2002) . Although this model of immune deviation is an adaptive mechanism that protects the host from the sequelae of systemic inflammation (Webster et al., 2002) , maladaptive responses to stress-induced immune deviation may exacerbate and/or contribute to the pathogenesis of immune-based clinical disorders (Glaser and Kiecolt-Glaser, 2005) .
In vivo studies of chronic and acute stress situations such as those modeled by the trier social stress test (TSST) and 
